Real theorem provers deserve real user-interfaces by Théry, Laurent et al.
HAL Id: inria-00076907
https://hal.inria.fr/inria-00076907
Submitted on 29 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Real theorem provers deserve real user-interfaces
Laurent Théry, Yves Bertot, Gilles Kahn
To cite this version:
Laurent Théry, Yves Bertot, Gilles Kahn. Real theorem provers deserve real user-interfaces. [Research












3 #<=#>?. 8(@ ,0'()/AB+ 3
3 ' 3 #<+'7. @ ,-'()/AB+ 3
C.-D 6 )/,E#B'()*DF.01*)/%
GHIJH!K5LNM
LPOBQ0OKRS,-1*TU.-## 3  3V239W







¡£¢¥¤§¦ ¨¥© ¢«ª¬¡¢ ­ ®¯¡ ª«°¢ ¡ ±
² ¢«±¢u¡b°¢
















   ;ª¨¢Á0¨¯ 0¢ ±0 N± © ;ªº¨
	
7N§xA¡,¨







698014/21J+x/21J+J3-0N14/9Bx,/21!+?YB3N? B/%A8Ea28Eo5%Ea? EH35214/21!?Y5Eo305CBE0-EGFaN145C5214/9-N?14/%EH35214/½+_1!? VB/528014B/214
}0/2Bx>EH30?<z?Y5214¿?4E½m1%_B[}0-05214/?Y<z?5C14¿?9528N+x5A+?C?Ea?59Eo3º¿+NEo30B/C¿+#F£1!-N_5YEHB3N?4
 ¡ EH/_?5¿5C801º-N?14/j¢PEo35214/½+_1


















[1!28N+.3E|4+F}0/2BB.?Á9EGFGF%N1528013N+x5C-0/'+#F)/214A+x/' ¡ B/J528Ea?752B8N+x}0}N143 5280B-08,Eo57E|?À301!_1!?2?2+x/C<º52B
EH3>1!?5{EH3r5C801J1430xEo301414/Eo30º+?}N1!_5_?9Bx)}0/2BB. _B3N?52/C-N_5EoB3h¹?BxV5A+x/21J14>1_FoB}N14/'?7+x/21730B5A1_~0}N1!_5C1!
52Bµ1!_B[1[5C8014B/2145EaCEa+x3N?46{8014< +./211_~0}N1!_521! 52BB0_-N?752801_Eo/J1"º,B/25'?ÁB31!?Eo3 +.3Nº5CB¿}14/B/2
}0/2BB.?9+#FoB3052801JA+#<¿+?952801J3N+.52-0/'+#F,A+#<¿Bx¿+EH3052801_Eo/9Ea1!+?Á}0/21!CEa?1














-N?14/9Eo35214/½+_1!?46{8014/21+x/21+#Fo/21!+< +3-0E14/ABx)528014B/214 }0/2Bx>Eo30¿+?2?Ea?5_+x35_?40+x3N[B?59Bx)528014 8N+#>1
+x3rB/C+x3Ec·41!º_B-03Eo5<Bx -N?Y14/'?4)698-N?4052801 N+?gE|À}0/214Ea?1Bx B-0/A9B/jEa?Á528N+x5)QS_l\nPnLWT;^MPnG`r\
LNQ
kRWO#Q!R_
6{8014B/214 }0/2Bx>14/'?%+x/21ÁEH}FH14143521! Eo3 +>+x/YEH145<[B.¨}0/2B/_+x[Eo30Fa+x30-N+x1!?Ð¥½1 NoEa+#Fo1!_5'?ÁBx *E|?Y}
B/:­
*)<¢§)/2BxFoB145'x}²_ *EH3<Eo30 +?B}08E|?Y5Ea4+x521!r-N?Y14/j¢PEo35214/Y+_1J{EH5C8F|+./217}0/2B/'+.¿?)A/YEH5C52143Eo3r52801!?1

















1435!)}0-<FGEaCFH<©+#>+#EGFa+Fo1?<z?Y5214¿?m¹ ¡ 1_Fo5<^£ ?}0/2Bx>14/\© ¡ 1_Fo5< «°m¬½Eo[}Fo14[143521! EH3<¢§)/2BxFoB¼»'&*©¯»'&*h«G«¬½
Eo[}Fo14[143521!»Eo3æ­ *+.3Nº*Ea?},+x3N>¦?2+N1_FGFo1G©í¦?2+G°(
¬½zEH}FH14143521! Eo3*)o­ * ÁFGF5280/2141B.528014 8N+#>1+
}0/2B/'+x[¿+NFH1J5CB}<¢PFo14>1_F½?B528N+x5%Eo5ÁE|?Á}NB?2?EcFo15CBEo[}Fo14[1435J5C801}0/2Bx>14/?£ ?;?gE|1Bx)52801}0/2B52Bz_B.F£Á8E Fo1
/214¿+EH3Eo30r+[_B3>1435EoB3N+#F ?<0?5214Y£ ?%-N?14/!
6{8011_~0}N14/Eo[1435'+#F0-N?14/ EH35214/½+_1!? 914/21;_/21!+.521!J-N?Eo30752801A¹%1435'+.-0/ ?<0?5214 ©G¹1435'+x-0/°G¶\¬+?,+A5CBBxFcEo5!




6 BºxEo>1¿+»_B3N_/2145211_~+x}FH1Bx952801PEH3N Bx9Eo35C14/'+_5Eo>1¿?Y<z?5C14¿?J91[143>Ea?EoB3,91P14xEo3 9Eo528+>14/2<0/Eo1_;1!?2_/Eo}05EoB3+x3Nr+?2+x[}Fo1?Y1!?2?EoB3,























+x3<¿5YEH16,B N14xEo3 +3014}0/2BBxY52801J-N?Y14/CFGE|60?7B3 + 0-05252B3m¤Á14 § /2BB.0Á8E|C8º}B}N?9-0}
+Ea+#FoB
9Eo3NBx /C1-01!?5YEH30r5C801?5'+.5214[1435ABx+[528014B/214 +x3N»+[3N+x1JVB/9Eo5!6{80143º59B[3014 {EH3NBx?7+x}0}1!+x/
B3r52801?C_/214143h¹
69801»52B}9Eo3NBx _B35'+#Eo3N?52801r½+_5'?528N+x5/214¿+#Eo3 5CBæN1»}0/2Bx>1!¦½5Ea?¿4+F Fo1!52801
SFz^bW#\n9Eo3NBx¦½3Eo5Ea+#FGFo<)52801[?-<0B+#F)9Eo3NB _B35'+#Eo3N?752801[?5'+x5C14[1435752BN1[}0/CB>1!69801NB5C52B 9Eo3NBx¸_B35'+#Eo3N?
52801521_~05B.52801}0/2BBx;?B½+x/!Ð¦½5ÁEa?J4+#FGFH1! 52801S !#R'M kT9Eo3NBx¹B[¿+.3N0?A52B52801}0/2Bx>14/ +./21JEo3N?14/25C1!




52801 »&*»5214/CEo30BxFoB<6 B801_Fo}Eo3º_B3N?52/C-N_5Eo305C801_B[¿+.3Nz+À[143- Ea?}Fa+#<z?Á+!>x+#EGFa+Fo1J5'+_5Ea4?9+x3N
52801_Eo/J+x/2-0[1435A?52/2-N_5C-0/21G¹
»Á14/21N5C801JB+#F ?Y80B-Fa>N1}0/2Bx>1!<EH3N-N_5YEHB3B3  0528-N?Á;1?Y1_FH1!_5 !#"%$#&(' '9p%&Eo3º5C801[143-,
69801?2_/YEH}0579Eo3NBx©Ea?+.-052B¿+x5YE|4+F Fo<r-0}0+x521!¹










  (  ¥  ²  ( ¥	













  ²  (ÁEH352801A?-<0B+#FN9Eo3NBx
BG05'+EH3Eo30Eo3º52801J/2145C/Eo14>+#F)9Eo3NBx528017VBxFGFHBx9Eo30r+x3N?914/'?m¹
¤ÁB ?1_Fo1!_5Eo30 52801 ¸N/'?5[+x3N?914/Eo352801º/2145C/Eo14>+#F{EH3NBx }0/CB>Ea1!?[5C801-FGFJ3N+x[1rBxJ52801 1"¸N3Eo5EoB3,
A8EaC8rEa?A30141!1! Eo3º52801?2_/Eo}05A9Eo3NBx
¤ÁB©1_~0}N+x3NEo30¿5C8E|?{}0/2BB. ?5C14}E|?{30B5?-  CEo1435A52B}0/2Bx>1J528017B+F?B[+3014}Fa+_180B.F|14/7+x}0}N1!+x/_?%Eo3
52801?2_/YEH}0579Eo3NBx¹
»Á14/21A52801A_B3NCFo-N?EoB3Ea?+75C/Eo>Ea+#F,_B3N?1-0143N_1Bx52801A+?2?-0}05EoB3,6980195'+_5YE|  )o­ ªÐ¨ +ª¦g6Ð¨ 6À¹©í¬½















Bx?<BxFGE|_B[}0-05'+x5YEHB3 ?<0?5214º +1 ¸N/_?5








q  ! Kaw µ #" K  µ t =K t µ u$½vNw µ




{+.35[5CB B[B/21º528N+.3 Ea?}Fa+#< 5C8014'% 528014< -N?5N1r}N+./'?1!698Ea?[4+x3 N1º_B[}Fo1_~ A801435C801 ?<NBxFGEa1430xEo301º-N?Y1!?+./jEo52/'+x/2<?<35'+_5YE|_B3>1435EoB3N?
Eo3NCFo-NEH30»52801J-N?1Bx ?Y-<N?2_/Eo}05'?7+x3Nr?-0}N14/_?2_/Eo}05'?4¦3r½+_5!80Bx;14>14/!Eo57Ea?A[B/21}0/'+_5Ea4+#F 5CB +#Fo5214/752801?<BxFGE| 1430xEo301G£ ?AB-052}0-05AV-03N_5EoB3,,?B528N+x5ÁEo5
}0/Eo35'?A1_~0}0/21!?2?gEHB3N?7528N+x5+x/C1J1!+?<r52B[}N+./'?1<0-0579B-Fa>N1-03N+4_14}05_+Fo<º>14/jB?1ÀB/7+[8-0¿+x3r/21!+14/!
J?A+x3r1_~N+x[}Fo1N8014/C1JEa?952801ÀB/C-Fa+}0/2B0-N_1!Y<52801J[B0E}¸N1!_»'&* B/ 










































698017B-052}0-05%Bx,52801 ?Y<NB.F Ea71430xEo3017Ea?%¿+1AB.,Eo3B/C¿+x5EoB3[B. E}º,14/21435Eo3N0?405C8N+x552801Á-N?14/j¢PEo35C14/+_1
9EGFGF 8N+#>152B Ea?}N+.5'285CB 5C801º}0/2B}14/[9Eo3NBx ¡ B/1_~N+x[}Fo19528014/21r+!< N1º14/C/2B/[1!?2?2+.1!?4%B+#Fa?4







52B»1!+28 [1!?2?2+x1¨{EH5C852801[1!?2?2+x1G£ ?7521_~05+?+x/2-0[1435!¦½3 +_5#¨91[8N+.3NFH1528Ea?ÀEo3







¡ B//C1!+?B3N? Bx ?Eo[}FGEaCEo5g<º+.3N[1# CEo143N_<528Ea?%}0/2B52B0_BxFNEa?A+NN?BxFo-0521_Fo<ºS4TV\TVQ#n Q S'S4h¦3¿B-0/;1_~0}N14/YEH1435'?
















,L .0:	%9 9C@ 9 : 
0	/89
@B3
69801+x/'C8EH5C1!_52-0/21B. 52801-N?14/j¢PEo35214/½+_1JEo5'?1_FG%E|?Á30B5JE}º£14/C1435Á/CB 528N+x5ÁBx +.3<r?BxV5{+./21 14>1_FHB}0[1435












  EH57Ea?À>14/2<N1_~EcFo1 J?7;11_~0}N14/Eo[1435{EH5C8ºEa1!+? Eo3-N?14/j¢PEo35214/½+_1Eo5-N?5N1>14/2< ?gEH}FH152B
+0r+3014 _B}NB301435!VB/A1_~N+x[}Fo1+ 3014Eo3NBx 143-,















?14}N+x/_+x521_Fo<0-05[52801»[1!?2?2+x1!?145;14143BG0¼1!_5'?[_B/C/21!?}NB3NEH3052B5C801!?1r5;B 5'+?`0?9EGF F+_52-N+F Fo<1





















'  µ s µ t4t"K #"


















 ! "#%$& ('*+*),+- ! &./ 102  1  &3545. # 76 89%8 #4
69801 FH1_V58N+x3N?Ea1;B.z52801%/2-Fo1A_B35_+#Eo3N?¨+Á52/2141%}N+x525214/23, A8014/219>+x/YE|+NFH1!?)+./21}0/21"¸0~01! <J52801928N+x/_+_5214/:z
69801%/Eo85 8N+x3N?Ea1A?}1!CEt¸N1!? Fa+#<B-05+x3NJ¿+#<N1%}N+x/'+x}080/'+?1!+?BxFGFoBx?m¹<;>=@?BACED"FHGJILK!GNM"KK!OPRQSCTCEQU:KSV
W FXGJILK?GJMY=@Z	[ 9 =\Z^]_C`Da?(?b. #  OcPRQSCTCEQU:KSVdD[DS=\Z W FXGJILKeGJM"KKf#%gih1K_ADaM"D3Gj=`QaZ W KSG_U:KKkZlGNILKk?"KfK(CEKkmnKkZGJ?
?(ILQ*oCjV W KfpnoZ=jGbQaPqU!I=jG_Kr?NAD3]"Ks=\Pt=uGbDSCTCwvGJ?>QaZxGJILKsCT=\ZLKy=\P!ZLKS]"Kk?(?"DMNFO[LQHG_QHGJILKrZLK(z%G:CT=\ZLKO=@ZVKkZLGj=\Z	[
W F ! &S.loZ=jGJ?{QaPc?BAD3]"K!
6{801¿/2-Fo1!?[+F|?YB ?Y}N1!CEG<}0/21!CEa?1_Fo<52801[B-N?1r?1_Fo1!_5EoB3[1!28N+.3E|?Yºæ»A14/C1[Ea?/2B-08Fo<80Bx B-N?1





6{801-N?1Bx ?Y<NB.F EaCFa+?2?1!?7+#FGFoBx?AB30152B¿+?2?B0CE|+.521_BxFoB-0/J+x3N B35%Eo3B/C¿+x5EoB3»52B[52BG143N??-NC8
+?52801º?5C/Eo30 9 698Ea?[+?C?BzCEa+x5YEHB3E|? }0/2Bx>Ea1! < 52801 ¸N3N+#F-N?Y14/Eo3©+ RQ S WR !'Q>|9nGQ! Eo3 52801+.EGF Ea+x/
 ¢V9Eo3NB?<0?5214 ?5<FH1v¨~N+x[}Fo1!?AB. B-05C}0-05!EH34Fa+6 +.3NrA8Eo521N4+.3>N1?Y14143rEo3 ¡ EoN¶
 ,wu µ · µ t4v  q}v    K #"   $  ovNu" µ s.¶£q "  v  as
 7-0/Eo30 5C801 _B-0/'?1
Bx +}0/CBBx2?Y-<0B+#Fa?¿+#< /2Bx 52B N1 -Eo521
Fa+x/C1ÁE 1oA528014<©¿+#< ¸0FGF ?Y14>14/'+#F
?2_/214143V-FGFa?4 69801-N?14/A+x35'?J52B




²5CB¿+x3 +N<0/214>Ea+x5YEHB3 ?<NBxF¨{EH5C8 +?Eo[}Fo1B-N?1
1!?5C-0/21
* +x/21?Y-<0B+#Fa?_/C1!+x521J+J}N14/YB/C¿+x3N_1A}0/2BFH14» ¡ Eo/'?5952801A}0/2BBx,1430xEo301J-N?5;?Y143N¿+ F|+./219VB/2-Fa+






Eo5'?}0/21!1!_1!?2?B/[+x3N -N?-N+#FGFo<?8N+x/21!?+r30B3<¢V3014xFGEH.E Fo1_B[B3}N+x/259Eo528 Eo5! ¡ B/1_~+x}FH1 [B?5
+?2?Y-0[}05EoB3N?A+x/C1?8N+x/21! /2B B301?-<0B+#F52B52801301_~05!»Á143N_1914+x3r-N?1J59B521!C803E -01!?m¹
± + 80143[Ea?}Fa+#<Eo305280193014 ?-<0B+#F½x528019-N?14/6¢PEH35214/½+_1xA8EaC8[8N+?/2145_+#Eo301!5C801;}0/C14>EoB-N?)?-<0B+#F½
4+x3r5'+1J+>x+x35_+x1JBxEo3N_/214[1435'+#F Ea?}Fa+#<º52BEo3EoEc·41[/21m¢½_B[}0-05'+x5EoB3º+.3N/21!Ea?}Fa+!<
°
¶ + 80143_/21!+x5Eo30+À3014 ?-<0B+#F½52801Á}0/2BB.£1430.EH301J4+x3¿?Y143NB3Fo<[52801E}º,14/2143N_179Eo528[52801Á}0/214>EoB-N?
?-<0B+#F½




*rVB/2+#FGE ·41!?7+?9+rRQbn \RTVRQ_QTVR\L0S4nG\TVMPWL/CB 528017B/2-F|+ 52B[+5C/2141JBx¨14B[1452/EaNB#~01!?
















3014 B+#F4+x3´N140-EGFo5rV/2B Eo5'?}0/21!1!_1!?2?B/8< 52/'+.3N?B/2¿+x5EoB3, )B52801
_B[-03Ea4+x5EoB3




  ((   ¥±²
A8014/21  ?14}N+x/'+x5C1!?+?C?-0[}05EoB3N? /2B 52801[_B3NCFo-N?EoB3,»A14/C1     2  ,+x3N  ?5_+x3NB/7}NB?2?EcFo<
>14/2<Fa+x/C11_~0}0/21!?2?EoB3N?  ÁFGF ?Y<z?5C14¿?+F FoBx<B-º5CB +0  52B52801+?C?-0[}05EoB3N?J+x3N¿+1528013N+.52-0/'+#F
52/'+.3N?Eo5EoB3r52B¹







(# &   1.#.)1  %0#.  $, &3.-  !#
  $$
69801¸N/'?Y5A}0/2B52B0_BxF¨1!?2_/Ec1!?780B¬52801_B3521435_?9Bx)52801JB+#F¨C8N+x301G¹
a+1*+&"1   4$  &   4$3$

7?Eo30¿52801?Y1!_B3Nr}0/2B52Bz_B.F52801J}0/2BBx 1430.EH30114Eo5'?m¹
  # &   1.#.1  %# ( 0 +$$ &S -  !0#.% ( +$, ( 0L$ ( 0$  (,++	$3$$
A8014/21 ( ¿5'+N1!?A+?9+x/2-0[14357+}N+x528Eo3º5C801J}0/214>EoB-N?7?-<0B+#F½
@%B5C8r}0/2B52B0_BxFa?9/21!-N_1/'+?5Ea4+#FGFo<º5C801J52/'+ J-0152BFa+x/21?-<0B+#Fa?49698Ea?{E|? ! R# ! MP\n52B[-N?Eo30B-0/
Ea?52/Ec0-0521!
+x}0}0/CB+C8B/9/21!+F¨}0/2BBx? 











¡ B/[1_~N+x[}Fo1?Y-0}0}NB?1»52801rFa+x30-N+x1 _B35'+EH3N?+ 9 B}14/'+x5EoB3,A?Y-N28©528N+x5 E 5C801 ?52/YEH30?   +x3N
  /214}0/21!?1435[59B 91_FGFc¢PB/2[1!1_~z}0/C1!?2?EoB3N?  +.3N   95280143      +F|?YB/214}0/21!?1435'?+
91_FGF ¢PVB/21!1_~0}0/21!?2?EoB3 +198N+!>152BC80BB?1N145914143 _B3N?Ea14/Eo30 9 +?)+7/214-Fa+x/Eo3N+x/2<B}N14/'+.52B/Bx52801%Fa+x30-N+.1
_B3N?5C/2-N_5Eo30º5280152/2141 
	¥  (    ²',B/_B3N?Ea14/Eo3052801[1_~0}0/21!?2?gEHB3 +?J5C801[[14/21[+x}0}FGEa4+x5EoB3BxA+V-03N_5EoB352B
B301r+x/2-0[1435!)5C8E|?ÀV-03N_5EoB3ë1_Eo30
Eo5'?1_FG B05'+#Eo301! <+x}0}Fo<EH30+rV-03N_5EoB352B +x30B528014/









9Eo528¿+7 EH3Eo¿+F£?145)BxB}N14/_+x52B/'? Î¤Á14B}N14/'+.5EoB3N?FGEc14+x3[?Eo[}Fo<P1A/21_V14/2/21!52B <+x3Ea1435E}¸N14/!¦3
B-0/%Eo35C14/+_1JVB/952801¦?2+1_F Fo1528014B/C14 }0/2Bx>14/!52801J+N?52/_+_5A?<35'+#~r_B35_+#Eo3N?9528017VBxFGFHBx9Eo30[B}N14/'+x5CB/'?m¹










 ¥  3 (  ¥ )(  ¥ ¥ (  ¥ ¥ (  ¥ ¥ (2 ² ( #.?²j² (2 ² ( ( #N²j²j²j²
A8EaC8º9B-FarB5C8014/29Ea?1 N1/214}0/21!?143521!»+?
  ¥B "! #¥¥G¥ )( #..² ( ² ( ( #N²j²
Ea?+_52-N+#FGFo<ºE|?Y}F|+#<1!»+?

"!2%$ ±&   ( !
¦3 52801»-N?14/?£ ? /21!?B-0/'_1!?    +.}0}N1!+x/'?+?[+ EH3N14/#A9Eo528©?<BxFGE|»/214}0/C1!?1435_+x5EoB3 
  ¡ -03N_5YEHB3
?<NBxFa?b+x3N('+x}0}N1!+x/A+? Eo3
¸0~ B}14/'+x52B/'?9Eo528r?<BxFGE|7/C14}0/21!?1435'+x5EoB3N? $ +x3N)J)698017}0/21!_1!143N_1
xEo>143







52801J528014B/214 }0/2Bx>14/ ¥CY)?1!_5EoB3 5 ¯¶
²_
 -, * C/89C66	/=9:4*4 C C@ 3C/9  4 9	C/
+1r30Bx¸1_~N+xEo301»52801 +NN?52/'+_5YEHB3N?JEo3>BxFo>1! Eo3 ?Y521414/Eo30






­»B?5BxA52801¿?5'+.3N0+x/'»Eo35214/½+_1!?B3Fo< +#FGFoB 52801-N?14/52B C80BB?1 +5'+_5Eaxº6{801 C80BxEa_1rBx?-<0B+F)E|?
+x-052B¿+x5Ea4+#FGFo<}14/B/2[1!T<J5C801;}0/CB>14/!!-N?Y-N+#FGFH<<+7?Eo[}Fo1A[145280B0 ¥g?-NC8[+?,5_+Eo30752801v¸N/'?51_Fo14[1435
Eo3º528017FGEa?57Bx)}N143NEo30º?-<0B+F|?-²'¦½5{E|?Á}0/21_V14/'+Fo15CB¿+#>BxEa/EoxEaº?5C/'+x5214xEo1!?A+.3NxEo>1[B/21AV/2141!B 52B
52801-N?14/!¦½3+}0/2Bx>14/A9Eo528FoBxEa4+#F)>+x/Ea+Fo1!? ¥g?-NC8 +? ¡ 1_Fo5g<£ ?ÁB/:¦?2+N1_FGFo1²5C8E|?Á}NB?2?EcEGF Eo5<
Ea?Á1!?2?1435Ea+#F





BG0¼1!_5A528N+.5AFoB04+x521!?Á52801?-<0B+#F¨52BA8EaC8 91JA+x35A528015'+_5Ea52BP1 +.}0}F Eo1!J698Ea?Á521!2803E -01Ea?A-N?Y1!
VB/A1_~N+x[}Fo1JEo3_»'&*)05C8N+x3<z?{52B¿+[?}1!CEa+#F ?Y-<0B+#F,}N+6+x1J528N+x5A¿+EH35'+#Eo3N?A+ }0/2BB. BG¼g1!_5!¦3 +}0/2Bx>14/AA8014/C1528014/21ÀEa?A30B1_~z}FGEaCEo5}0/2BBx)BG0¼1!_5!N+#Fo5214/C3N+x5Eo>1?YBxFo-05EoB3N?7¿+#< ?Y5EGF FN1[1!?Eo301!


















¿+#<[30B5ÐN15C8017F|+?5 ?Y5214}Eo3º52801?1-0143N_1B. +_5YEHB3N?ABx52801-N?14/# +14+#FGF¨528Ea?ÁB}N14/_+x5EoB3nGW"!_\nL`W¦¨8Ea?52B/YE|4+F¨-03NBxEo30Ea? -EH5C1?Eo[}Fo1J52BEH}FH141435ÁEo3º+5C/'+Eo5EoB3N+#F,}0/2Bx>14/!.FoBz4+#F,-03NBxEo30Ea?B/21
E _-Fo5! Eo3}N+x/25Ea_-Fa+x/EG;52801}0/2Bx>14/1!+#Fa?J9Eo528 FHBxEa4+#F>+x/YE|+NFH1!?  +Eo5280B-05JFoB.E|4+F>+x/Ea+Fo1!?4}0/2BBx½?
BxE}º,14/21435[?-<0B+#Fa?4+x3 1 _B3N?Ea14/21!+?J5C/2-Fo<}N+x/'+#FGFo1_F+_5Eo>EH5YEH1!? 528N+x5B
30B5ÀEo35214/Y14/219Eo528B301







   	/9	/	/	 9:4*4C C@J
3	 9







6 B1_~0}Fa+#Eo3r528Ea?4091A9EGFGF,5'+1Á528011_~N+x[}Fo1JBx,52801 »'&*rEo35214/½+_1¦38»&*)  Ea?9+_BEEo3N+x5CB/
-N?1!
5CB¿}0-05J52B14528014/J5'+_5YE|4?  ¦½57Ea?JB301B.;52801[_B3N?5C/2-N_52B/'?74+#FGFo1! TV\ ! TVM !'\n S ¥© *¹ ¡  «\¬½©¯§)+.-F|?YB3«  ¬(²'¦½5_?;?Y14¿+x35Ea4?Ea?%>14/2<¿?Eo[}Fo1 ?C?-0[1A528N+.591 +.525'+6+?-<0B+#F	r9Eo528 ! &1!),10A8EaC8r30BxEo>1!?)/YE|?Y1
52BJ59B3014©?-<0B+F|?
  +x3N    +?2?-01;5C8N+x5 !&1!),1 +%}0/CB>1!?
  +x3N ! &1! 1 J}0/2Bx>1!?   )69801438N+?N14143






5280143 ! &1! 1 B3r52801J?1!_B3N»?-<0B+F +.3NG¸N3N+F Fo< !&1!),1 + B3r52801¸N/'?5A?-<0B+#F½69801_B/C/21!?}NB3NEH30





A+#<¨5C801r}0/2BB. ?2_/Eo}05!698Ea?Ea1!+»Ea?}0/CBGN+Fo< +FH/C1!+< }0/C1!?1435Eo3©¯¤Á-§)/F0¬½¹%80BB?gEH30+ ?Y-<0B+#FA52B
+x525_+jÀEa??1_Fo1!_5Eo30[+x3[B04_-0/2/2143N_17Bx5C801?<EBxF  7}0}Fo<Eo30[+J5'+_5Ea952B+?Y-<0B+#F0Ea??Y-<N?5Eo52-05Eo3052801
_B/2/C1!?}NB3NEo30  9Eo528[5C8E|?5_+_5Ea9+x3N5280143[+?`EH30J5C801;5C8014B/214}0/2Bx>14/¨5CB C801!j52801A_B3N?Ea?52143N_<Bx528Ea?
C8N+x301T¦V;5C8015_+_5Ea143014/'+x521!?73014¸?Y-<0B+#Fa?4£EH57Ea? EH3N?Y14/2521!»Eo3+  5'+_5Ea4+#F½52B14528014/{EH5C852801
+x}0}0/2B}0/Ea+x52193-014/Bx}F|+_180BxFa14/'?  *£Bz4+#F-03NB7Ea?)1_~0}0/21!?2?1! </21-01!?5Eo30+T¥½}B?2?EcFo<Eo3N_B[}Fo14521²
5'+_5YE|75CBE1J/214}Fa+_1!><52801J}Fa+_1J80BxFa14/ %698-N?v0-EGFaEo30 +}0/2BBx,Ea?+ÀVB/2 Bx ?Y14¿+x35Ea4+#FGFH<º/YEH>143










?2_/Eo}05!80B914>14/#¿+#<30B5N17Eo3º+ÀB/2 528N+x55C801J-N?14/9{+.35'? 52B[?52B/C1AEo3º+ÀFGE 0/_+x/2<¹Eo[}0/2Bx>14[1435'?%¿+#<






À¹;6 68J¹'   !
 ª:¨ +ª¦6:¨ 68J¹© 1"¸N3Eo5EoB3 +x/Eo5280145Ea     ¯¬  ªÐ¨ +ª¦g6Ð¨ 6À¹© 1"¸N3Eo5EoB3	G+x/Eo5280[145Ea     ¯¬ '   !




Bx     5280143»9Eo528r/21!?}1!_552B[+?C?-0[}05EoB3N?4;14+.3 BPB528º?Eo-Fo5'+x3014B-N?Fo<¹
¦2¤
  
À¹;6 68J¹'   !
 ª:¨ +ª¦6:¨ 68J¹© 1"¸N3Eo5EoB3 +x/Eo5280145Ea     ¯¬  





À¹;6 68J¹'   !
  )o­ ª:¨ +ª¦6:¨ 68J¹© 1"¸N3Eo5EoB3 +x/YEH5C80[145Ea     ¯¬  
 )o­ ª:¨ +ª¦g6:¨ 6J¹© 1"¸N3Eo5EoB3	 +./Eo5280[145Ea     ¯¬





52801[5'+_5Ea ! &10! 1+  !&1!),1 r_B3N?Ea?5'?7Eo3 +.525'+6Eo30r+#FGF{?-<0B+#Fa?




À¹;6 68J¹'   !
 )o­ ª:¨ +ª¦6:¨ 68J¹© 1"¸N3Eo5EoB3 +./Eo5280[145Ea     ¯¬
69801A}0/CBBxEa?)30Bx 52/_+x3N?}N+x/21435)+x3NEo3 +ÁVB/25C8N+x5)91+x/2199EGFGFGEH3052BJ/21!_B/' +©8N+x5)528Ea? 1_~+x}FH1J?80Bx?
Ea?528N+x5!,+#V5214/;18N+!>1B05'+#Eo301! +}0/2BBx9EH35214/'+_5Eo>1_Fo<¨91[30141!_B[}0-05C14/+?2?gE|?Y5'+x3N_152BºCFo1!+x3Eo5-0}N1_VB/21r?52B/Eo30rEo5}14/2¿+x301435Fo<?+ 1[8N+#>1[30B5<145JEo[}Fo14[143521!?-NC8 + +CE FGEo5<+©8N+x5JEa?30141!1!52B
?-0}0}B/257528Ea?+_5YEH>Eo5<E|?7+}0/2B/'+x 5C/'+x3N?VB/2¿+.5EoB3 ?Y<z?5C14º0528N+x5Á9EGF FN1+x}0}FGEo1!
52B[52801}0/2BBx ?C_/Eo}05!
698Ea?[1!+x3N?528N+.5 + 52BB.FÁEa?5YEH3N_5V/2B 52801»}0/2BBx1430xEo301»Eo5'?1_FG?80B-Fa1 +4_1!?C?EcFH1»V/2B 5C801r-N?14/
Eo35C14/+_1  ?{[1435YEHB301!Eo3)1!_5EoB34¶0 8 528Ea?{Ea??Eo[}Fo19Eo528ºB-0/7+x/'C8EH5C1!_52-0/21









	    h ,
B  
    	
/9C G 4 9	C/
+Eo528¿+_B3>1435EoB3N+#F0Eo35214/½+_10+7-N?14/5<}N1!? EH3r+J3014}0/2BBx¨?5214}¿+?)+_B[¿+.3NxEo3¿5C801A}0/2BBx1430xEo301G£ ?
_B[+x3NFa+x30-N+.1 +©8E Fo1









/21-01!?5+[143- B.;}NB?2?EcEGF Eo5Eo1!?VB/J+x3< ?-<1_~z}0/21!?C?EoB3,6{8E|?
[143-rFGEa?5'?7+T¸N3Eo5213-0N14/7BxFH14.EH5YEH+x521C80BxEa_1!?4»ABx5C801!?1C80BxEa_1!?+./21_B[}0-0521!»E}º£14/_?%/CB ?<0?`¢
5214 52Br?<z?Y5214º:¦3¹1435_+x-0/AVB/71_~+.[}Fo1528014/21Ea?J+[143014/YE|[143-»+CE FGEo5<,A8EaC84+x381[5'+#EGFoB/21!»52B
+x3<¿}N+./25Ea_-Fa+x/ +.}0}F Ea4+x5YEHB3_<r+0Eo30¿3014©Eo5214?4N?-NC8 +?{/214A/Eo521J/2-Fo1!?452B[[143-N?4¦3[528014+?1ABx¨+7528014B/C14¸}0/2Bx>14/!_B3N?52/2-N_5Eo30[+J_B[+x3NEo3>BxFo>1!?%/2B-08Fo<B-0/Eo3N0?%Bx,BG0¼1!_5'?m¹
5'+_5YE|4? 05214/2¿? B04_-0/2/2143N_1!?7+x3N528014B/214¿? 
'%vNwxt"KPws
6 Br1_~z}Fa+#Eo352BrA8N+.5J1_~z521435J52801Eo35214/½+_1[¿+#<»801_FH}52801-N?14/ÀEH3 ¸N3NEo30+}0/2BB.;5'+_5YE|x_B3N?Ea14/52801





 *         
    
± 5
69801
/21!+Eo30Bx5C8E|?/2-Fo1+?¿+5_+_5EaE|?>14/2< ?Eo[}Fo1G¹52B}0/2Bx>1 + B+F Bx5C801ºVB/2    -03N14/
+?2?Y-0[}05EoB3N?  %52801r5'+_5Ea  *    }0/2Bz-N_1!?59B ?Y-<0B+#Fa?4)B301rA8014/21   -N?5N1»}0/2Bx>1!-03N14/+?2?Y-0[}05EoB3N?  0+x3Nr+.30B528014/9B3017A8014/21  -N?51J}0/2Bx>1![-03N14/Á52801?2+x[1J+?2?Y-0[}05EoB3N?4»Á14/21    ?5'+.3NB/{B/C-Fa+x10+x3N  ?5'+.3N0?%B/+ÀF Ea?5JB.,B/2-F|+.16 B801_Fo}º52801J-N?14/{EH3 ¸N3NEo30 +/21_Fo14>+.3575'+_5Eax05C801:¸N/'?Y59Ea1!+Ea?952B[Ea?}Fa+#<º+?9+[143-r528017FGEa?5B. +#FGF
5'+_5YE|4? 052B145C8014/A9Eo528º_B3>143Eo14357[1!+x3N?Á52B30B¬A8N+x5A1!+C8ºB. 528014 E|?{VB/!698Ea?7?BxFo-05EoB3E|?7CFo1!+x/Fo<
-03N+4_14}05'+NFH1VB/}0/2Bx>14/_?7528N+x5_B35'+#Eo3 + F|+./21[3-0N14/B.{5_+_5Ea4?4¿6 BFGEoEo5[528Ea?7FGEa?5!B301[-N?5-N?1
_B3521_~052-N+#F,Eo3VB/2¿+x5YEHB3, 6{801¿+#Eo3?B-0/__1B.)EH3VB/2+x5EoB3rEa?752801B+#F)B3»A8Ea28
9152/C<r52B +.}0}FH<»52801
5'+_5YE|x ¦½3 ¡ 1_Fo5g<£ ?9}0/CB>14/!E )52801B+#FEa?4N?2+#<
       
Eo3N?521!+ BxA?80Bx9Eo30 +FGEa?5Bx± 5 5'+_5Ea4?4 91¿+x-052B+x5Ea4+#FGFo< /C1!?52/Ea_55C801FGE|?Y55CBrB3Fo< 59BN       
+x3N
	      ¡ -0/2528014/2[B/21N-N?gEH30r5C801[B-N?Y15CB ?1_Fo1!_5+}N+x/257Bx52801B+F914+x3»Eo3NEa4+x521[Á8014528014/
91{+.35752Br9B/j»B3+?2?-0[}05YEHB3N?7B/J52801VB/2-Fa+52B52801[/Eo85JBx  698Ea?À>14/2< _B+x/'?1Eo3NEa4+x5EoB3 E|?
?-  CEo1435A52B145214/2Eo301-03N+.EEo-0B-N?Fo<¿A8EaC8r5'+_5EaÁ91A+x3552B-N?1vª%Eo5'28Eo1+x}05Fo<¿4+#FGFa?9528Ea?A?5<Fo1Bx
Eo35C14/'+_5EoB3»}0/2BB. ¢(<o¢V}BxEo35YEH30Y¥©¯ª;EH5_28Eo1?«G«¬ ²'¦3 + Fa+x/21?24+#Fo1[?<z?Y5214ºN?-NC8 +?»'&*)52801[?Eo52-N+x5EoB3E|?7B/21_B[}Fo1_~, ¡ B/ + 3-0N14/JB. 5'+_5Ea4?4
52801J[145C80Bz»1!?2_/EcN1!
+B>14+x381-N?1!9@%-05528014/C1+x/21_14/25'+EH3»5'+_5Ea4?ÁA80B?1+.}0}F Ea4+EGFGEo5< 4+.3030B5N1JC8N+x/'+_5214/YE|?Y1!<}N+x5C5214/23[¿+.5'28Eo30ÀEH3528017B+#F½ ¡ B/)1_~+x}FH1B301J?-NC8[5'+_5YE|Á_B3N?Ea?5'? Eo3¿/C1!-NCEH30

















V/2B +[_B3521_~05A528N+.5+#FGFoB7?95<}1!?A52B N1JEo3V14/2/21! B/{EH5_?A>x+x/Ea+Fo1!?4+x3Nr5280143Eo[}NB/C521!Eo352B¿+_B35C1_~z5




52B52801}0/2BBx;1430xEo301698Ea?7[1!+x3N?ÁVB/71_~+x}FH1528N+x57528015214/2  (   ¿+#<º+#Fa?B>1[E|?Y}F|+#<1! +?¥  ¹ *   ²  (  ¥  ¹ *   ²'4¦  Ea?}Eaj1! V/2B 528Ea?ÀVB/2-Fa+ +.3N-N?1!+?52801r+x/2-0[1435B. +
5'+_5YE|x£B/J1_~+x}FH152Br1_FGEH EH3N+.521 +.3 1_~Ea?521435Ea+#F -N+x35E}¸N14/!,5C801[}0/2BBx;1430xEo3019EGFGF;30B5J/21!_1_Eo>1  0-05
52801J1_~0}FGE|CEo5Fo<
5<}1!  ¹ *   




?}1!CEt¸4+.5EoB3 % _B3>14/25_?5C801}08<z?gE|4+FFoB04+x5EoB3rBx52801B-N?1752B[+x3 +NN?52/'+_5 FoBz4+x5YEHB3
4+#FGFo1! + S Q#nGQ !#TVMaWL6 B>N1}0/21!CEa?1)+r?1_Fo1!_5EoB3 Ea?+r}N+.528
Eo352801[5C/2141528N+x5JEa?N1_Eo30E|?Y}F|+#<1! +©80143
52801








8N+x3N ?<0?5214 FGEc1¤A-0}0/F©¯¤Á-§)/YFM¬,}0/2Bx>E|1!?Á?B[1J801_Fo} +.3NEo3rB-0/9Eo35214/½+_10B04_-0/2/2143N_1!?7+x/21+#FoA+#<z?
_B[}0-05C1! +x-05CB¿+x5Ea4+#FGFo<º6 B_B[}N143N?C+x521VB/5C801 +N?Y143N_1¿Bx?-NC85'+_5Ea4?4}0/2Bx>14/'?7}0/CB>Ea1º+VB/2




  E J52801»}0/2BB.1430xEo301B1!?3h£ 5[8N+#>1º+x3B04_-0/2/2143N_1º}N+jx+x1 EH5-N?5N1
14>1_FoB}N1! 7528Ea? E|? 30B5
E r_-FH5# 0Eo5EoB3N+F Fo<A?14>14/'+#F}0/2BBxA5'+_5Ea4?-N?5 N1/214}N+6+.1!5CBº5'+1B04_-0/2/2143N_1!? /'+x528014/
528N+x3[5214/C¿?9+?)}N+x/_+x[145214/'?  6{8E|? Ea?A+ÀBB0}0/Eo3NCEH}Fo1 -Eo521AEo3N14}143N1435Fo<»Bx +x3<-N?14/j¢PEo35C14/+_1
_B3N_14/23N?4
  +?2?-0[}05YEHB3N?+./21ºCFa+?2?Ea4+#FGFo<5280B-085Bx +?ÀEo3NCFo-N1!Eo3 +x3-030B/'14/C1!?145!)/'+.528014/528N+x3+»FGE|?Y5!ª91_14/C/Eo30r52B +.3 +?2?Y-0[}05EoB38<rEo5'?Á/'+x3<Eo3 +.3ºB/'14/C1!FGEa?5?1414?A-03N?2+.5Ea?+_52B/2<º+x3N FGE|+NFH152B
¿+17}0/2BBx?;FH1!?C?A/2B0-N?5!










'f} µ  u µ ·s
&A3Fo< 1_~052/2141_FH<?Eo[}Fo1½+_5'?14514>14/}0/CB>1!
V/2B ¸N/'?5}0/Eo3NCEo}FH1!?  6{801r¿+x528014¿+.5EaCE|+.3,)52801-N?14/
BxJ528014B/214 }0/2Bx>14/B/C+x3Ec·41r52801_Eo/ +_5Eo>Eo5< ?YB +?52B¿+~EoEc·41º5C801r/214-N?1rBx5C8014B/214¿?4»Á143N_19B3010-EGFa0?8Eo14/'+x/'C8Eo1!?BxA528014B/Eo1!?4)?5_+x/25Eo30r9Eo528 Eo3521414/'?4 FGE|?Y5'?4 -03N_5YEHB3N?4)/2B-0}N?4,145'x|,A8EaC8 +x/C1[Bx+
¿+x5C8014¿+x5Ea4+#F3N+x52-0/21
0-05+#Fa?B[B/21 +.}0}F Eo1!528014B/Eo1!?952B801_Fo}Eo3r}0/2Bx>Eo30[}0/CB}N14/25YEH1!?{Bx¨}0/2B/'+x[Eo30





52801J1_~N+x[}Fo1B. ?1!_5EoB3æ±a¶052801J}0/2BBx¨A+?v0-EGFH5ÁEo3º528014B/2< u   T$ NB3r52B}Bx)52801J8Eo14/'+x/'C8<r?80BxA3Eo3
¡ Eo-0/21P±
6{801J/'+x}08r/214}0/C1!?1435YEH30+x3N_1!?52B/Á528014B/Eo1!?%Ea?7+x3Eo35214/_+_52B/9528N+x59¿+#<N1J-N?1!52B0/2Bx?1J528014B/Eo1!?4¦V91?1_Fo1!_552801528014B/2<vNu














730B528014/9?52/'+.5214<Ea?5CB}0/2Bx>E|1+.-052B¿+x5YE|ÀRgQ#TVR'MPQ!O#\n#½+CEGF Eo5Eo1!?4 + 1 B3h£ 5;CFa+#Eo 52B-03N14/'?5'+x3N80Bx
52B
B 5C8E|?EH3+#FGFA143014/'+#FGEo5<0-0591[8N+#>1Eo[}Fo14[1435C1!B3011_~z5C/214[1_Fo<-N?1_V-F?}N1!CEa+#F 4+?1+#Fo/21!+<
+x}0}N+x/C14359Eo3»52801J1_~+.[}Fo1Bx?1!_5EoB3 ±¯¶0 +©80143º+528014B/C14 Ea?ABx52801JVB/28¹

      !!!      






½+?5# @9+?gE|4+F Fo<%52801[-N?14/?80B-Fa8N+#>1[52801 141_FGEo30528N+x5+r[143-Bx
}NB?2?EcFo1/214A/YEH5YEH30?}B}N?%-0}º+??YBB3r+?%+?Y-<05214/2iEa?;?Y1_FH1!_5C1!¦3»'&*)0528017[1!C8N+x3Ea? Bx¨5214/CP¢V30145'?4
B/EoxEo3N+#FGFo< EH}FH14143521! <æ§)+x-Fa?B3,0-EGFa0?[+x3 +x-05CB¿+x52B3 _B/2/21!?}B3NEo3052Br52801/214A/Eo521/2-Fo1!?JEo3+
528014B/C<¦½5ÁE|?71_~052/2141_FH<»1# CEo1435#»ÁB914>14/#EG52801JVB/2-Fa+[5CB[/214A/Eo521Ea?Á>14/2<Fa+x/2152801}0/2BB.1430xEo301
9EGFGF }0/CBGN+Fo<º?143N>14/2<Fa+x/21/214}FGEo1!?A528N+.5A9EGFGF ?FoBx BxA3r52801J-N?Y14/j¢PEo35214/Y+_1¤ÁB5219528N+.5)52801AB3Fo<[-N?1{EH3rEa?}Fa+#<Eo305280173N+x[19Bx,52801A528014B/214Eo3[52801Á/21452/Eo14>+F9Eo3NBxEa?%52BJ521!+C8
52801r30B143NCF|+.52-0/2169801r3N+x[1BxJ52801528014B/214º%+x3NBx52801r5C8014B/2<
Eo3 Á8E|C8Eo5[A+?ÀB-03N9EGFGF1
}N+?5C1! +.-052B¿+x5YE|4+F Fo<EH3 52801}0/2BB.{?2_/Eo}05! A80143
52801-N?14/?1_Fo1!_5'?À52801}0/21_14/C/21!»/214A/Eo521[/C1!?-Fo5!¤ÁB521
+#Fa?B[5C8N+x5A59B E}º,14/21435A528014B/C14¿?9¿+#<[/214Á/Eo52152B52801?C+x[1J5214/2»¦V)91B3h£m5?}1!CEG<rA8EaC8º528014B/214






9Eo528 ?14>14/'+#F{Ea?5YEH3N_51430xEo301!?4;+?+>Bz4+.521!æ<ë© IJ+.¼ °¶?¬ 698Ea?8N+?_B3N?1-0143N_1!? NB528Eo35214/C¿?JBx
}0/2B5CBz_BxFa?A+.3NEH3
5214/C¿?%Bx +x3<¢V¿+C8Eo301JEo35C14/+_17E|1!+?A528N+.5+x/21 14<B3Nr5C801?2_B}N1Bx¨528Ea?Á}N+x}N14/#
    	
366/4C 4 	G4 @ C8?9:  / D 5:	/ 	
/9 @ 3
&A-0/J1_~0}N14/Eo[1435'?ÁEo3 _B3N?5C/2-N_5Eo30[Eo35214/½+_1!?ÁVB/ E}º,14/21435J}0/2BBx1430xEo301!?7}NBxEo35J52Br+[3-0N14/JBx)Ea?2?-01!?
Eo3¿+x3<¢V¿+C8Eo301AEo35214/½+_11!?Eo3, ¡ Eo/'?Y5!528014/C19Ea?;+CFo1!+x/30141! B/B/2+x3Ec·_EH3052801JEtº,14/21435{EH3NBx? Eo3
52801143>Eo/2B301435!')B[19Eo3NBx?4?-NC8 +?A52801[?2_/YEH}05+.3Nr52801[?-<0B+#F {EH3NBx? +x/C1+#FoA+#<z?Á}0/21!?1435
?Eo-Fo5'+x3014B-N?Fo<YN1!4+x-N?1528014<r_B/2/21!?}B3Nr5CB +?5'+x521JB.¨52801}0/CBBx2)698Ea?A1!+x3N?9528N+x5#5CB¿?-0/2/2B-03NB-0/
+x}0}FGEa4+x5EoB39Eo3NBx?491A30141!+J}NBx914/V-FN52BBxFcEo55C8N+x5Eo3NCFH-N1!?à0-05252B3N?4x143-<N+x/_?4?2_/CBxFGF N+./'?4Ea+#FoBNB#~01!?0-05J+#Fa?B[-Fo5Eo}N+x301!r9Eo3NBx?4










91 _B3N?52/2-N_5A+7V-03N_5EoB3º4+#FGFh<¿?143NEo30 +./2-0[1435'?V/2B E}º£14/C1435A>Eo14?%52B528017}0/2BB. ?2_/Eo}0599Eo3NBx
69801r?2+x[11_~z}0/21!?C?EoB3,?1_Fo1!_521!9Eo528+º?gEH30.FH1rB-N?1rCF Ea6 ¿+#<_1 _B3N?Ea14/21! +?+r5214/CºB/+?+x3













h E   Ð Ph   

&A-0/)¿+.¼gB/,_B3NCFo-N?EoB3 E|?5C8N+x5,52801A+x/'C8Eo521!_52-0/2191!?2_/EcN1!EH3528Ea?}N+x}14/Ea?0X4Q'\.S MV^4nGQEo35214/2?,BxN1#rCEH143N_<
698019Eo3N_B3>143Eo143N_1B.£-0}FGEa4+x5Eo30¿0+x5'+ Eo308014/21435%Eo3r+JE|?Y52/Ec0-0521!r+x/'C8Eo521!_52-0/21{E|? Fa+x/21_FH<[_B}N143N?2+x5C1!<J¼g-NEaCEoB-N?Á-N?17BxEH3N_/C14[1435_+#FGEH5<Eo352801 _B[-03E|4+.5EoB3rBx 0+x5_+0h¦3rB-0/9>Eo14MPL! RQ#]Q#LNTV\nGMPTVUM|S TPlQ



















1_~N+x[}Fo19Ea?)528019}B?5j¢V}0/2B0_1!?2?Eo30Bx}0/2BBx½?4h¦3 ¡ 1_Fo5<£ ?528014B/214}0/CB>14/:© ¡ 1_Fo5< «°?¬x528019}0/2BB.NEa?)}14/B/2[1!
Eo3[+J?1-01435?5<FH18+©80143Eo5Ea?¸N3Ea?801!52801A?1-01435)}0/2BBx0Ea?52/'+.3N?Fa+x521!ÀEo352BJ+73N+x52-0/_+#Fz1!-N_5EoB3[}0/CBBx© ¡ 1_FH5< °<±"¬½r698013N+x52-0/'+#F;1!-N_5YEHB352/2141Ea?5280143E|?Y}F|+#<1! Eo3 Bz63N+x52-0/_+#F)Fa+x30-N+x1?5<Fo1>¦3½+_5!
+?A4+.38N1[?14143»B3 ¡ Eo-0/C1E¶0V-FGFc¢N1!1!
}0/2BBx52/2141!?{8N+!>1[B/C1J[145'+¢V¿+.528014¿+x5Ea4+#F528N+x3r}0/'+x¿+x5Ea
Eo35C14/21!?51!4+x-N?1[5C8014< Br30B5?8N+x/C11430B-08 ?-<VB/2-Fa+x1[69801[}N?Y14-NBG¢V3N+x52-0/'+FFa+x30-N+x15C1_~z5! 14>143
5280B-08
Eo5JEa??5YE FGFA52BBr>14/jB?1¨?Y8N+x/21!?+?2?-0[}05EoB3N? Eo3 +14525214/A+#< +©801435C801[}0/2BBxEa?ÀFa+x/214/! 52801
521_~059/2Bx?)>14/25Ea4+#FGFo<¿/'+.528014/9528N+x380B/Ec·4B35'+#FGFo< +x3N5C8E|?;E|?%[B/21A½+xEGFGEa+x/!N+.5Fo1!+?Y5Eo3r91!?5214/C3 _-Fo52-0/21§B?5j¢V}0/2B0_1!?2?Eo30}0/2BBx½?4752BBG05'+#Eo3 CFo1!+x/C14/ +x3N©B/21




prw    M  µ  ",· µ Nt!s
)14>14/'+F}N14B}FH1J-N?515C8N+x3<1! B/%¿+Eo30528Ea?%9B/j}B?2?EcFo1G¹ ¡ 1_Fo5<+15C801_/Eo5Ea4+#F,[B0Et¸4+N¢
5EoB3N? 52BJ8014/528014B/214}0/2Bx>Eo30?<z?Y5214528N+x5)914/21A30141!1! VB/+x3[1"º,1!_5Eo>19Eo35214/½+_1 3)NIJ+#Fo>+#Fa+[B0E}¸N1!














_141!Eo30?7B. 68Ò§ )3& ¡ 6 £¯«G°z@9+x/__1_FHB3N+0)}N+#Eo3,8)}0/Eo3014/j¢)14/Fa+xN*h¤À¹ ) 8   ¶0<­
+x/'C8_±?°«G°0
©G¹)Fo14[1435°(N¬  ¹)F :14[1435! #  ÁEa?52/YE 0-05C1!7/'28Eo521!_5C-0/21B/§)/2B/'+x[Eo30P¨)3>EH/CB30[1435'? 0§ /2B0_141!
¢
Eo30? Bx J¹%­ )G¦2D )3& ¡ 6 £¯°( )  ¨ ¢ 5 )Bx5A+x/21P¨ 30xEo301414/Eo30 ¤AB521!?4)BxF½±   30BN Y ¦½/2>Eo301
¹;+0
 71!_1414/E±?°°(0
©G¹B ¬¿D) 7Bx91m ¡ 1_Fo5g<h»»A14/j1_FGEH3,%D^»Á-0145!¹§)+x-FGEo3<¢­ºB80/Eo30N¨@7+14/23014/  69801[¹B 8§ /2BBx
J?2?Ea?5_+x35 
?14/\£ ?7D-Ea10 ¦2¤ª¦ 6,1!C803Ea4+#F ª{14}NB/25Á30BNh± 85   71!_1414/E±?°°<±
©G¹%­4§v°<±m¬  ¹)F :14[1435! ¡ h­ºB35'+.3N+xh§ /2-030145! -¦½35214/'+x5C1!)B.5A+x/21¹B[}B301435_?m¹J+>§)+x/'+Eo
VB/9¹B352/CBxF ¦35C14/'+x5EoB3 G§)/2B0_141!Eo30?)Bx52801¨ -0/2B}N1!+.3 )<[}B?Eo-0 B3 )Bx5A+x/21 714>1_FoB}0[1435¨ 3>Eo/2B30[1435'?A+.3N»¹4 )o¨6,1!C8030BxFoB<IB3Eo?9Eo35214/!)}0/Eo3014/6¢)14/Fa+xº*h¤À¹ )   (G°0<®x-0301P±\°G°<±
©G¹ )0D¬6J+ª914}N?  6À6,1_Eo521_FcN+x-0»  698015)<35C801!?Ec·414/ 143014/_+x52B/ë¹ +?<0?5214 VB/ _B3N?5C/2-N_5Eo30
Fa+x30-N+x1m¢(N+?1!1!Eo52B/'? )}0/Eo3014/j¢)14/Fa+xÎ±?°«G«0
© ¡ 1_FH5< «G°¬ ¡ 1_Fo5g< )}N1!CEGV<Eo30+x3NY¦½}FH141435Eo30
698014B/214 § /2Bx>14/'?{EH3+>»9Eo8014/j¢ &A/_14/*B.E|§ /2BG¢
/'+x[Eo30¿* +x30-N+x1§)8 69801!?gE|?  
A3Eo>14/_?Eo5g<rB. §14303N?<Fo>+x3Ea+07-0-N?5±?°«G°0
© ¡ 1_FH5< °<±m¬ ¡ 1_FH5<%# *BxEa§)/2B/'+x VB/6,/'+.3N?B/2Eo305)1-01435 §)/2BBx½?r52B´¤+x5C-0/'+#F  71!-N_5YEHB3§ /2BBx?.0)Eo3
	;RW"!_Q'Q_`MPLb.S WYX TPlQMPR2S4TJc'LTVQ!R_LN\TVMPWL\nrWR !S_lW_k WL TVQ#L0S4MaWLS WYX£W_bM !	9RgW
bR\]]MPLbN6-<Eo30143, D14/2+x3<)}0/Eo3014/)14/Fa+xr*h¤ ¦ 5    ^±\°G°<±
©¯»'&*h«G«¬­¯®G¹%DB/_B3, m»&* ¹  § /2BBxD143014/_+x5Eo30*)<z?5C14 B/ »{Eo8014/j¢ &A/'14/r*B.E|Eo3¨jc
jkzQ#! M | !_\TVMPWLQ!R_M | !'\TVMPWL
\L`rjUxLTPlQ4S4MoS4D@ Eo/259Ea?5Fo1Î§8)-<0/'+x80+x3<+xº)Q_`xS|NIÁFo-;14/
J4+14Ea§)-<FGEa?8014/'? Î±?°«G«0
©GD7/'+x8N+xµ°¶¬@7 6JD7/'+x8N+x»  69801J)o¨9¹	 ­Ea_/2B}0/CBz_1!?2?YB/!3)14/E}¸4+x5EoB3 ¹;+?1J)52-N< 0NIÁFo-914/ J4+¢
14 E|§ -<F Ea?8014/_?4@%B?Y52B3,h±?°°G¶0
©GD7/E¿3«G«¬6J D/YE 3, m¤AB5'+x5EoB3N+#F1"¸N3Eo5EoB3+x3N»52B}<¢½BxA3º/C1"¸N3014[1435ÀB/AEo35214/'+_5Eo>1}0/2BBxA14>1_Fc¢
B}0[14357?<z?Y5214¿? 0<§ 8 69801!?Ea?4 ¹B/2301_FGF 
Á3Eo>14/'?Eo5<Î±\°G«G«0
©í¦?2+G°(¬* G¹§)+x-Fa?B3, -¦g?2+1_FGFH1G¹69801301_~05  ((528014B/C14 }0/2Bx>14/'? 0Eo3,W_bM ![\LN` ZW]Ák TVQ!Rj! MPQ!L!'Q#§&EGV/21!0E½)Q'`o0}0}, 8 Y ±_y 8 « Y J4+14EaT§)/21!?2? h±?°G°(
©¯®xB301!?j°<±m¬¹ @®xB301!? I  ®xB301!?4§ 9*Eo3N0?2+#< ªJ­ºBB/21 +­ 
ª J*¹  ¡ B/2¿+F  714>1_FoB}0[1435
)-0}0}B/25 )<z?Y5214 0)}0/Eo3014/j¢)14/YF|+.N±?°G°<±
© IJ+.¼ °G¶N¬Ò¤NIJ+x¼Fo14/! #¹ )  .§ ¦¹N+ }NB/25_+Fo1+x3Nr1_~052143N?EcFo1EH35214/½+_1ÀB/7¹B[}0-05214/ ÁFo1m0/'+ )<z?5C14¿? 0
cCjNjzf Z !"	;RW"!_Q_Q'`MPLb.S @%14/j1_FH14<®x-Fo<æ±?°G°¶0
© *¹ ¡  «¬ ­ a®0DB/'B3,<ªJ­EGFo3014/!,¹73+ +0?9B/C528,m¨%Eo3o0-0/28 *¹ ¡ ¹+[1!C8N+x3Ec·41!rFoB.E|ÀBx_B[}0-<¢
5_+x5EoB3 0N*Z¤J¹ )  «0)}0/Eo3014/j¢)14/Fa+xN±\°  «
¶(
©¯­
+x}Fo1m¬@73+¹8N+x/Q!T\n | m­  §*h¨´¹/21_14/C143N_1¿+x3-N+#F¹   5C8r1!EH5YEHB3 0)}0/YEH3014/j¢)14/Fa+xN±?°G°G¶
©¯­
+x528<¬ )N +BxFGV/'+xº m­
+x528014¿+.5Ea4+¹ +?<0?5214 VB/ B.EH30¿+x528014+x5Ea4?P< _B[}0-05214/0  0Ea?B3<¢
+ 1!?Fo14<Î±?°«G«0
©¯¤Á-§)/Fc¬ªJ *)¹B3N?Y5'+Fo1Q#T\n | "¦½[}Fo14[1435Eo30[¿+.528014¿+x5Ea4?%9Eo528r52801 ¤Á-0}0/F,}0/2BB. 14>1_FoB}0[1435?<0?`¢
5C14 0§ /21435YE|_1m¢»7+#FGF½Î±\°G« Y 
©¯§)+x-Fa?B3«  ¬*)§)+.-F|?YB3, 4*BxEa+x3Nr_B}0-05'+x5EoB3 ¹Eo35214/_+_5Eo>1}0/CBBx)9Eo528
¹;+.E0/YE|1*¹ ¡ N¹9+xP¢0/YE|1 





©)301_Fo5Eo30o°<±+¬[D )301_FH5YEH30 4698014+#Fa_-Fo-N?7Bx_B35C1_~z5A/C1_F|+.5EoB3N? 0 _5_+¦½3VB/2¿+.5Ea4+00>BxF½¶«0030BN   0}0},
5 ±G±_y 5 5 Y ±?°°<±
©)G·!+B Y °¬­¯¨Á)G·!+NNBND,D71435j·4143, 469801¹BxFGFo1!_521!
}N+.}N14/'?7Bx7D14/28N+./'
D71435j·4143 h¤AB/C528<¢»AB.F Fa+x3N±\° Y °0
¶<±
